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The Lister Lecture, 1964:
Wound Sepsis-From Carbolic Acid to Hyperbaric Oxygen

SIR CHARLES ILLINGWORTH, M.D., F.R.C.S.,0
Glasgow, Scotland

ABSTRACT
The history of Lister's introduction of the
antiseptic system is recalled and the cir-
cumstances surrounding the original use of
carbolic acid for wound treatment, which
took place in the Royal Infirmary, Glasgow,
on August 12, 1865, are reviewed. The fact
that wound sepsis is stili prevalent is empha-
sized, and recent researches on bacterial
inhibition under hyperbaric oxygen are
described.

SOMMAIRE
L'auteur rappelle l'historique de l'introduc-
tion de l'antisepsie par Lister et 6voque les
circonstances entourant le premier usage
de l'acide ph.nique dans le traitement des
plaies qui eut lieu au Royal Infirmary de
Glasgow, le 12 ao.t 1865. L'auteur souligne
le fait que l'infection des plaies est encore
r.pandue et d6crit les recherches modernes
sur l'inhibition bact6rienne au moyen
d'oxyg.ne sous une pression sup6rieure .i la
pression atmosph6rique.
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Fig. 2.-Fly-leaf of case record book of one of Lister's
wards in Glasgow Royal Infirmary, 1863-1865.

of the tibia and fibula. It is recorded that "Mr.
Lister being unable to attend, Drs. Lyon and
Morton extricated several large pieces of bone and
put the leg inside wooden splints." A few days
later, on August 1, 1865, the leg was put in a
McIntyre splint and a poultice applied over the
wound, the discharge being allowed to flow into
a vessel placed beneath the splint guided by a piece
of gutta percha. "A little carbolic acid was dropped
into the vessel which collects the pus with the
effect of preserving it quite odourless."
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not as a deodorant but to sterilize the contaminated
wound and keep it sterile. The success of this and
succeeding cases is established history. Lister soon
convinced his Glasgow colleagues of the value of
his method, and in succeeding years devoted his
whole efforts to convincing the world.

In Canada Lister's ideas were soon accepted, for
one of his house surgeons in his Edinburgh days
was a Canadian, John Stewart, who had been a
student in Edinburgh. John Ste.vart subsequently
returned to Canada, became Professor of Surgery
at Daihousie University in Halifax, Nova Scotia,
and did a great deal to carry the flag of Listerism
on this continent.

Since Lister's day the danger of wound sepsis
has been greatly diminished, but it has been by
no means eliminated, and in recent years especially
the emergence of antibiotic-resistant staphylococci
has drawn renewed attention to the risk, and many
researches have been devoted to this subject. One
of the many fascinating features about research
work is that it may lead quite unexpectedly along
untrodden paths to some destination far removed
from the starting point. It so happens that the re-
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Fig. 4b
racture treated in Glasgow Royal Infirmary two
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searches on hyperbaric oxygen which have been
carried out in my department, although originally
designed for quite different purposes, have thrown
some new light on the problems of wound sepsis.
We were interested in the simple clinical prob-

lem of how to maintain the vitality of a limb after
occlusion, by injury or disease, of the main artery,
and this led us to try the effect of hyperbaric
oxygen. Here, of course, the scientific basis has
long been known, but its application to clinical
problems had not been explored until first Boerema
in Amsterdam and shortly afterwards my group in
Glasgow began to study it.
The first question to be asked was whether,

when the main blood vessel to a part was damaged
or diseased, any benefit could be gained by the
small excess of oxygen which could be forced in
simple physical solution into the plasma under
hyperbaric conditions. It was known that at two
atmospheres the amount of oxygen carried in the
blood could be raised from rather less than 20
volumes per cent to nearly 24 volumes, and that
at three atmospheres it could be raised to 26
volumes.

It was necessary to devise an experimental situa-
tion in which ligature of a blood vessel could be
relied upon consistently to give measurable effects
and in which those effects might be modified by
the relatively small increase in oxygen which could
be obtained. Professor George Smith, on the basis
of his previous experience, suggested that experi-
mental ligation of the circumflex branch of the left
coronary artery in the dog might give the answer.
And so it proved. These experiments and Smith's
later observations of a similar sort on obstruction
of the carotid and vertebral arteries made it clear
that under borderline conditions of vascularity the
added oxygen under hyperbaric conditions might
just tip the balance.

Since then our researches on hyperbaric oxygen
have covered many different fields (Fig. 5). Some
of them were related to the clinical interests of
physicians, such as myocardial infarction and
coronary thrombosis; some to pediatrics, for ex-
ample, hyaline membrane disease and asphyxia of
the newborn; some to toxicology, for example, coal-
gas poisoning and barbiturate poisoning; some to
heart surgery and brain surgery; some to biochemi-
stry and some to pure bacteriology.

In the case of myocardial infarction the frequency
of the disease, the uniform character of its mani-
festations and the accuracy of monitoring equip-
ment have made it possible to embark on a properly
controlled scientific trial which is still in progress.
In neonatal asphyxias, while our first efforts on
patients with hyaline membrane disease were in-
effective they led my pediatric colleagues to explore
the more successful field of pallid asphyxia. In coal-
gas poisoning, while the theoretical basis had long
been known, the practical application settled many
matters which had long been in dispute. In the
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Fig. 5.-Some fields of research on hyperbaric oxygen.

field of heart surgery lain Ledingham and Nelson
Norman began their work on experimental cardiac
arrest and this led in time to some fascinating
observations on the part played by disturbances of
acid-base balance.
Then it was thought that hyperbaric oxygen

might be of value in cases of carotid artery disease.
This led Jacobson, with McDowall and Murray
Harper, to study the physiology of the cerebral
circulation using the krypton clearance technique
which Harper had perfected and to embark on an
exciting voyage of discovery through all these
cross currents of carbon dioxide tension, blood
pressure, anesthetic toxicity and oxygen level which
in the result determine the cerebral blood flow.

I mention all these matters because they show
how a piece of research starting with a fairly simple
surgical problem is carried step by step from one
exciting field to another.
Another fertile research field based on the clini-

cal use of hyperbaric oxygen is the problem of
irreversible shock. It has been shown that in dogs
a standardized degree of shock can be inflicted
by withdrawing blood to the extent of reducing
the systolic pressure to 40 mm. Hg and maintaining
this level for an hour or two hours or more. There
is evidence to suggest that if this is done while the
dog is exposed to hyperbaric oxygen the degree
of shock is reduced or, in other words, a much
greater amount of blood must be withdrawn in
order to bring about the same degree of shock.
This then is not only an indication of a potentially
useful treatment for shock but also a new pathway
for investigation into the nature of this form of
shock, into the relative importance of capillary
anoxia, of splanchnic vasomotor paralysis, of meta-
bolic acidosis, of bacterial toxemia and other such
factors.

I have mentioned that an excess of oxygen might
be toxic to brain cells, and indeed oxygen poisoning
is a recognized risk when the gas is applied in high
concentration for prolonged periods, as is well
known from experiments on deep diving. It has also
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been demonstrated that in slices of liver tissue
exposed to pure oxygen at two atmospheres the
metabolic activities may be reduced by some 40%.

Until a few months ago this poisonous quality of
high oxygen concentration had been regarded as
a nuisance and a hazard. It now turns out that in
one respect it might prove to be advantageous.

It is well known that surgical incisions made in
ischemic tissues are slow to heal and in such cases
they often become infected. Amputation wounds
are particularly prone to infection from this cause,
especially when the amputation is done for arterial
degenerative disease.

It seemed to me that hyperbaric oxygen might
be of value in improving the state of nutrition of
the anoxic flaps and I suggested to my associate
Ross that the possibility might be investigated ex-
perimentally. He consulted his bacteriological col-
leagues MacAllister and Stark and they agreed to
collaborate. However, as a first step they decided
to study what effect hyperbaric oxygen would have
on the bacteria themselves. Agar plates were inocu-
lated with staphylococci, Pseudomonas pyocyanea

and other organisms, the plates were exposed to
pure oxygen at two atmospheres and the results
observed. The results were dramatic. These bacteria
were completely inhibited and others such as E.
ccli were inhibited to a lesser extent. In their
susceptibility to oxygen poisoning they behaved like
cells of the brain or the liver but even more
emphatically.
Thus we have a situation in which this new

agent, hyperbaric oxygen, may have a double effect
on a contaminated wound. It will bring more oxy-
gen to the ischemic tissue and thus improve its
nutrition and it may have a direct effect on the
infecting bacteria.

We do not know that it will be effective in vivo,
and it can hardly be expected to be so dramatic in
its effects on a wound as the direct application of
carbolic acid in the boy James Greenlees in 1865.
But at any rate it leaves us with the salutary re-
flection that nearly a hundred years after Lister's
first case there is still room for original research
and experimentation on the subject of putrefaction
in wounds.
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